INTRODUCTION {#sec1-1}
============

Lung cancer is the leading cause of cancer-related death throughout the world.\[[@ref1][@ref2]\] In 2018, the estimated number of new cases of lung cancer is approximately 234,030 patients annually, and the estimated number of deaths from lung cancer is approximately 154,050 patients, representing one-quarter of all cancer deaths in the United States.\[[@ref1]\] Although knowledge in the prevention and development of targeted therapies has progressed rapidly, the overall mortality of lung cancer is still high.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\]

Over the past decade, several clinical trials using highly sensitive imaging technology, such as low-dose computed tomography (LDCT), have been implemented for the early detection of lung cancer and improvement of lung cancer patients\' survival.\[[@ref12][@ref13]\] Focusing on individuals at high risk for the development of lung cancer, these screening trials (especially the recent National Lung Cancer Screening Trial \[NLST\] in the United States) have demonstrated an increased detection proportion of Stage I lung cancers, and early detection was associated with a 20% reduction of lung cancer-related deaths in the screening population.\[[@ref14][@ref15]\] While high-resolution imaging has evidently improved our ability to detect small lung cancers at a curable stage, lung cancer screening trials in both the US and Europe have also shown high false-positive rates.\[[@ref12][@ref13][@ref14][@ref15][@ref16]\] In the European NELSON trial, 1451 nodules (19.2%) diagnosed as indeterminate and 119 nodules (1.6%) diagnosed as positive eventually required further assessment after the initial screening, but only 70 cases (0.9%) were confirmed to be lung cancer after further presurgical workup.\[[@ref16]\] In the NLST from the United States, 780 (51%) cases required further imaging assessment, and some of them even required up to five repeats, but only 31 (3.97%) cases were eventually diagnosed as lung cancer.\[[@ref14][@ref15]\] Molecular markers in the sputum, bronchial epithelium, blood, and tumor tissues are being evaluated,\[[@ref10][@ref11][@ref17]\] and although studies show promise of biomarkers in improvement of the specificity of diagnostic or screening tests, these biomarkers are still not being used clinically. Therefore, an accurate diagnosis of lung nodules plays a critical role in appropriate management of patients.\[[@ref18][@ref19][@ref20]\]

Clinically, the diagnosis of lung nodules involves a combination of radiologic surveillance and cytological examination of lesional cells. Several approaches have been routinely used to obtain cytological material, such as minimally invasive transthoracic\[[@ref21][@ref22][@ref23][@ref24]\] and endoscopic transbronchial fine-needle aspiration (FNA).\[[@ref25][@ref26][@ref27]\] Among these procedures, CT- and ultrasound (US)-guided transthoracic lung biopsies are particularly useful for diagnosing peripheral lung nodules, and these procedures also have lower costs and shorter hospital stay for patients.\[[@ref21][@ref22][@ref23][@ref24]\] Furthermore, although solid lung nodules are routinely biopsied, subsolid and partially calcified lung nodules are often not biopsied.\[[@ref28][@ref29]\]

In this study, we reviewed lung nodule patients who underwent transthoracic FNA of their lesion and correlated cytological diagnosis of these lung nodules with their radiologic characteristics.

MATERIALS AND METHODS {#sec1-2}
=====================

Case collection {#sec2-1}
---------------

Data were collected from a computer search of the archives of the department of pathology over a 12-month period from January 2013 to December 2013. The dataset was comprised transthoracic CT- and/or US-guided lung biopsies. Based on radiographic features, cases were reviewed and divided into three categories: solid, subsolid, and partially calcified nodules/lesions. The World Health Organization and the International Association for the Study of Lung Cancer/American Thoracic Society classification criteria were used for the determination of histological subtypes of lung cancer.\[[@ref2]\]

Patients and public involvement {#sec2-2}
-------------------------------

In this study, we evaluated the histological diagnoses of CT- and/or US-guided transthoracic FNA, retrospectively. All data were retrieved from a pathology database. Patients and the public were not directly involved.

Preparation of cytological smears {#sec2-3}
---------------------------------

FNA smears were prepared using both air-dried and wet-fixed methods. The air-dried smears were stained with Diff-Quik (DQ) method (DQ stain) and used for the immediate on-site evaluation. Additional smears were wet-fixed with 95% alcohol and stained by Papanicolaou (Pap) method (Pap stain) in the cytopathology laboratory.

Cellblock and core biopsy material preparations {#sec2-4}
-----------------------------------------------

For cellblock preparation, the aspiration needle was rinsed with 10--20 cc of Hanks\' balanced salt solution (Sigma, St. Louis, MO, USA) into a 50-cc centrifuge tube. The centrifuge tubes were spun down using a microcentrifuge at 1870 rpm for 10 min (Hettich, Beverly, MA, USA). Cellular material was recovered in 1--2 cc of 10% neutral buffered formalin and fixed overnight. After fixation in formalin, the pellet was embedded with paraffin and processed in the histology laboratory. The section was cut at 5-micron and stained with the hematoxylin and eosin (H and E). The core biopsy materials were fixed in 10% neutral buffered formalin and processed in the histology laboratory, with subsequent H and E staining.

Evaluation and statistical analysis of data {#sec2-5}
-------------------------------------------

In our study, the cytologic diagnostic criteria of "malignancy" were defined by the identification of malignant cells in the biopsy material; the criteria of "benign" were defined by the absence of malignant cells; the criteria of "suspicious for malignancy" were defined by the presence of markedly atypical cells with the amount of atypical cells insufficient for the diagnosis of malignancy; and the criteria of "nondiagnostic" were defined by the lack of sufficient lesional cells.

Solid lung nodules were defined as completely solid soft-tissue density lesions on CT images, subsolid nodules included nodules with pure ground-glass appearance and part-solid ground-glass nodules, while partially calcified nodules referred to nodules containing calcifications on thin-section CT images.\[[@ref29]\]

The Student\'s *t*, Fisher\'s exact, and/or Chi-square tests were used for statistical analyses. Different types of lung nodules were correlated with their demographic characteristics. Differences were considered statistically significant when *P* ≤ 0.05 (*P* \< 0.05). All *P* value statistical tests were two-sided.

RESULTS {#sec1-3}
=======

Clinical information {#sec2-6}
--------------------

Our study group consisted of 49 females and 62 males, with a male:female ratio of 1.27:1. The median age of patients was 63.29 years, ranging from 23 to 87 years (with 86.5% of patients older than 50 years). Of 111 cases, 84 cases were solid, 22 cases were subsolid, and 5 cases were partially calcified lung nodules \[[Figure 1](#F1){ref-type="fig"}\]. The median size of the solid, subsolid, and calcified lesions was 1.952 ± 2.225, 1.333 ± 1.827, and 1.152 ± 1.984 cm, respectively. There was no significant difference among these three groups (*P* \> 0.05). The patients\' clinical information with age and gender distribution is summarized in [Table 1](#T1){ref-type="table"}.

![Representative image of solid and subsolid lung nodules. (a) A subsolid nodule defined as focal nodular area of increased lung attenuation through which lung parenchymal structures, such as the pulmonary vessels or airway structures, can be observed, with or without a small solid component. (b) A solid nodule defined as complete soft-tissue density on computed tomography](CJ-16-16-g001){#F1}

###### 

Clinical characteristics of study cases

  *Characteristics*   *Solid (n=84)*   *Subsolid (n=22)*   *Calcified (n=5)*
  ------------------- ---------------- ------------------- -------------------
  Gender case(%)                                           
   Male               46(54.76)        15(68.18)           1(20)
   Female             38(45.24)        7(31.82)            4(80)
  Age(years)                                               
   Median             62.24            59.23               68.4
   Range              31-86            23-85               53-87
  Lesion size(cm)                                          
   Median             1.952±2.225      1.333±1.827         1.152±1.984
   Range              0.7-9            0.8-7.4             2.5-6.5

Cytological diagnosis of lung nodules {#sec2-7}
-------------------------------------

Overall, 60 cases (54.06%) were diagnosed as malignant, 32 cases (28.83%) were diagnosed as benign lesions, 10 cases (9.00%) were diagnosed as suspicious for malignancy, and 9 cases (8.11%) were nondiagnostic \[[Table 2](#T2){ref-type="table"}\]. Representative cytological features of lung nodules are shown in [Figure 2](#F2){ref-type="fig"}.

###### 

Cytological diagnoses of lung nodules

  *Lung nodules*      *Malignant, n (%)*   *Benign, n (%)*   *Suspicious, n (%)*   *Nondiagnostic, n (%)*
  ------------------- -------------------- ----------------- --------------------- ------------------------
  Solid (*n*=84)      54 (48.65)           15 (13.52)        7 (6.30)              8 (7.21)
  Subsolid (*n*=22)   5 (4.51)             14 (12.61)        2 (1.80)              1 (0.90)
  Calcified (*n*=5)   1 (0.90)             3 (2.70)          1 (0.90)              N/A
  Total (*n*=111)     60 (54.06)           32 (28.83)        10 (9.00)             9 (8.11)

N/A: Not applicable

![Cytological diagnosis of lung nodules. (a) Primary lung adenocarcinoma. Tumor cells show acinar and glandular arrangement with hyperchromatic nuclei. (b) Primary lung squamous cell carcinoma. Tumor cells demonstrate pleomorphic nuclei with few dyskeratotic cells. (c) Primary lung small cell carcinoma. Tumor cells reveal fine chromatin pattern, nuclear crowding and molding, and tumor necrosis. (d) Granulomatous inflammation. The section reveals clusters of epithelioid histiocytes, scattered multinucleated giant cells, and inflammatory cells. All photos are taken from cellblock H and E preparations at ×20](CJ-16-16-g002){#F2}

In solid nodules (*n* = 84), 54 lesions (64.29%) were diagnosed as malignant, 15 lesions (17.86%) were diagnosed as benign, 7 cases (8.33%) were diagnosed as suspicious for malignancy, and 8 lesions (9.52%) were considered nondiagnostic. The malignant cases comprised 25.93% (*n* = 14) adenocarcinoma (ADC), followed by 24.10% (*n* = 13) squamous cell carcinoma (SqCC), 18.53% (*n* = 10) small cell lung carcinoma (SCLC), 11.11% (*n* = 6) poorly differentiated non-small cell carcinoma (PDCA), 5.56% (*n* = 3) lymphoma, and 1.85% (*n* = 1) carcinoid. In the benign group, we found 1 case (6.67%) of granulomatous inflammation and 14 cases with reactive bronchial epithelium and/or inflammatory lesions.

In subsolid nodules (*n* = 22), 5 cases (22.73%) were diagnosed as malignant, 14 cases (63.64%) were diagnosed as benign lesions, 2 cases (9.01%) were diagnosed as suspicious for malignancy, and 1 case (4.55%) was considered nondiagnostic. Of the malignant lesions, 3 cases (60%) were diagnosed as ADC and 2 cases (40%) were diagnosed as SCC. In the benign group, we found 5 cases (35.71%) of granulomatous inflammations and 9 cases of reactive bronchial epithelium and/or inflammatory lesions.

In partially calcified nodules (*n* = 5), 1 case (20.00%) was diagnosed as malignant (i.e., ADC), 3 cases (60.00%) were diagnosed as benign lesions, and 1 case (20.00%) was diagnosed as suspicious for malignancy. In the benign group, we found 2 cases (66.67%) of granulomatous inflammation and 1 case of reactive bronchial epithelium and/or inflammatory lesions.

In cases of granulomatous inflammation, we also did multiple special stains including periodic acid--Schiff, Grocott\'s methenamine silver, and acid-fast bacteria stains. All these stains were negative for microorganisms in all cases.

Taken together, the solid nodules revealed the highest malignant rate and subsolid and partially calcified nodules had a higher incidence of granulomatous inflammation \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. We also compared malignant lesions in both solid and subsolid nodules. The different subtypes of tumors are summarized in [Figure 3](#F3){ref-type="fig"}.

###### 

Cytological diagnoses of malignant nodules

  *Carcinomas*   *Solid, n(%)*   *Subsolid, n(%)*   *Calcified, n(%)*
  -------------- --------------- ------------------ -------------------
  ADC            14(25.93)       3(60.00)           1(100)
  SqCC           13(24.1)        2(40.00)           N/A
  SCLC           10(18.53)       N/A                N/A
  PDCA           6(11.11)        N/A                N/A
  Lymphoma       3(5.56)         N/A                N/A
  Carcinoid      1(1.85)         N/A                N/A
  Metastasis     7(12.92)        N/A                N/A
  Total          54(100)         5(100)             1(100)

ADC: Adenocarcinoma, SqCC: Squamous cell carcinoma, SCLC: Small cell lung carcinoma, PDCA: Poorly differentiated non-small cell carcinoma, N/A: Not applicable

![Comparison of the cytological diagnosis of solid and subsolid nodules](CJ-16-16-g003){#F3}

DISCUSSION {#sec1-4}
==========

The diagnosis of lung nodules involves a combination of radiologic surveillance and the morphological examination of the lesion. The NLST trial in the United States using low-dose CT has demonstrated an increased detection rate of Stage I lung cancers.\[[@ref13][@ref14][@ref15]\] This approach has been associated with a 20% reduction of lung cancer-related deaths in the screening population. The study clearly demonstrates a beneficial effect for individuals who are at high risk for the development of lung cancers, such as smokers aged from 55 to 80 years with at least a 30 pack-year smoking history and/or smokers who have quit \<15 years.\[[@ref19][@ref28][@ref29][@ref30][@ref31]\] However, the limitations of current screening approaches have also been reported, such as lack of cost-effectiveness, risk of radiation, and high false-positive results in the screening population.\[[@ref18][@ref31][@ref32]\] How to best implement a screening strategy for the early detection of lung cancer is still a clinical challenge.

In the United States, 94 million individuals who are current or former smokers are at high risk of developing lung cancer, and the majority of smokers harbor small lung nodules.\[[@ref12][@ref14][@ref15][@ref31]\] The current clinical guideline for the management of lung nodules is mainly based on studies of noncalcified solid pulmonary nodules (SPN). Although several studies have addressed the issue of the management of subsolid and/or partially calcified lung nodules, evidence-based guidelines are still necessary. A study of 629 patients with SPN ranging in size from 4 mm to 30 mm found that 65% of the nodules were benign, 23% malignant, and 12% indeterminate.\[[@ref16]\] While nodule size has traditionally been used to predict whether a lesion is benign or malignant,\[[@ref12][@ref13][@ref14][@ref15][@ref28][@ref29][@ref30][@ref31]\] high-resolution CT screening should detect an increasing proportion of smaller nodules that cannot be readily dismissed as benign due to their morphological changes. Thus, it is becoming increasingly important to distinguish small benign nodules from cancer using minimally invasive tissue sampling procedures and reducing the use of more invasive procedures to classify lung nodules.

Transthoracic FNA, with CT or US guidance, is a minimally invasive and effective procedure used to diagnose and subclassify pulmonary nodules \>5 mm in size.\[[@ref20][@ref22][@ref32][@ref33]\] In addition, the resection rate of nonmalignant nodules after CT-guided FNA is significantly lower.\[[@ref34]\] The procedure also has relatively fewer complications such as pneumothorax and hemorrhage.\[[@ref21][@ref24][@ref30]\] The incidences of these complications range from 0% to 61% for pneumothorax and 11% for hemorrhage, respectively.\[[@ref21]\] Other complications, such as air embolism and tumor seeding, may occur but are extremely rare.\[[@ref21][@ref24][@ref29]\] Transthoracic FNA is considered a safe and accurate method for diagnosis and staging of pulmonary lesions. Furthermore, transthoracic FNA can also provide material for molecular testing of the tumor.\[[@ref23][@ref25][@ref27]\] Recent advances in targeted and immune therapy have made the subclassification of non-SCLC (NSCLC) important for appropriate clinical management. For example, many targeted therapeutic agents are now available to treat lung cancers with specific molecular alterations, such as epidermal growth factor receptor mutations, anaplastic lymphoma kinase, and c-ros oncogene 1 gene rearrangements.\[[@ref5][@ref6][@ref7][@ref10][@ref11]\] More recently, checkpoint blockade immunotherapy has been demonstrated to be an effective therapy for treating lung cancers in selected patients.\[[@ref35]\] Therefore, accurate morphological diagnosis and molecular characterization of lung cancers are critical for targeted and personalized therapies.

In this retrospective study, we evaluated 111 cytological cases, including 84 solid, 22 subsolid, and 5 calcified nodules. Based on cyto-histopathological feature, we categorized all nodules in four groups; malignant, benign, suspicious, and nondiagnostic. Of all cases, 60 cases (54.06%) were malignant tumors, 32 cases (28.83%) were benign lesions, 10 cases (9%) were suspicious, and 9 cases (8.11%) were nondiagnostic cases. In our study, 48.65% of solid, 4.51% of subsolid, and 0.90% of partially calcified nodules were diagnosed as malignant. Of all malignant cases, 83.33% were diagnosed as NSCLCs, whereas 16.67% were diagnosed as SCLCs. ADC predominated among the malignant cases (30%), followed by SqCC (25%), and SCLC (16.67%), poorly differentiated non-small cell carcinoma (10%), and the rest comprised metastatic deposit, lymphoma, and carcinoid (18.33%). Among benign lesions, eight granulomatous inflammations were identified, including one case of solid, five cases of subsolid, and two cases of calcified nodules. In our study, we only found five cases in which the lesion was diagnosed as benign on transthoracic FNA, but the follow-up resection of the lesion proved to be malignancy. These cases include four cases of solid and one case of subsolid nodules. False-negative diagnosis has also been reported and associated with the location and the size of lesions, as well as in subsolid lesions.\[[@ref18][@ref32][@ref33]\] Therefore, clinically suspicious cancer cases with benign cytological diagnosis still need to be further evaluated using a multimodality approach.

CONCLUSIONS {#sec1-5}
===========

In summary, currently, screening guidelines have been developed to improve the detection of early cancer in high-risk patients. Clinical signs and symptoms of lung cancer patients, such as persistent cough, shortness of breath, and bloody sputum, often do not appear until there is advanced stage disease, making early detection difficult. Only 15% of patients diagnosed with localized disease have those clinical presentations. Thus, early detection of the tumor in a high-risk population is challenging and plays an important role in improvement of the clinical survival rate of lung cancer patients. We correlated the cytomorphological diagnoses of lung nodules with radiologic characteristics in high-risk patients. In our study, we found that solid nodules revealed the highest risk of malignancy, but subsolid and partially calcified nodule might also be associated with malignant lesions. Our study also indicates that cytological evaluation of subsolid and partially calcified nodules is crucial for the accurate diagnosis and the appropriate clinical management of lung nodule patients.
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ADC -- Adenocarcinoma

ALK -- Anaplastic lymphoma kinase

CT -- Computed tomography

DQ -- Diff-Quik

EGFR -- Epidermal growth factor receptor

FNA -- Fine-needle aspiration

H and E -- Hematoxylin and eosin

LDCT -- Low-dose computed tomography

N/A -- Not applicable

NLST -- National Lung Cancer Screening Trial

NSCLC -- Non-small cell lung carcinoma

Pap -- Papanicolaou

PDCA -- Poorly differentiated non-small cell carcinoma

ROS1 -- c-ros oncogene 1

SCLC -- Small cell lung carcinoma

SPN -- Solid pulmonary nodule

SqCC -- Squamous cell carcinoma

US -- Ultrasound

WHO -- The World Health Organization
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